A protein antigen called TR-o was isolated from supernatant of a sonically treated Reiter treponeme. The isolation procedure included anion-exchange chromatography on Whatman DE-52, hydrophobic interaction chromatography on decyl agarose, and finally gel filtration on Ac-A-22 Ultrogel. The fractionations were monitored by immunoprecipitation techniques. The recovery was found to be 35%, and the isolated protein was enriched 220 times. The molecular weight of the native protein was estimated to be 550,000 by polyacrylamide gel electrophoresis and 450,000 by gel filtration. Only one 66,000-molecular-weight polypeptide was found by sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the purified protein. The protein was immunologically pure when tested in crossed immunoelectrophoresis against polyspecific rabbit anti-Reiter immunoglobulin, detecting more than 40 treponemal antigens. A monospecific antiserum was raised in rabbits immunized with the purified protein. Monospecific rabbit anti-TR-o gave strong fluorescence with both the Reiter treponeme and Treponema pallidum. The corresponding antigen in T. pallidum could not be demonstrated directly in a crude T. pallidum sonic extract, but rabbit anti-T. pallidum immunoglobulin contained precipitating antibodies against the purified protein.
Recently we have demonstrated about 40 antigens in the Reiter treponeme (9) and 9 antigens in Treponema pallidum (Tp-1, Tp-2, Tp-3, Tp-4, Tp-5, Tp-6, Tp-7, the flagellum [axial filament], and an antigen as yet unlabeled). Of the nine T. pallidum antigens, six were found to cross-react with the following antigens in the Reiter treponeme: TR-b, TR-c, TR-d, TR-e, TR-g, and TR-f (10), and antibodies from syphilis patients were found to react with TR-b, TR-c, TR-d, and TR-e, but not with TR-g and TR-f (9, 10) . We are in the process of isolating and characterizing the above-mentioned Reiter treponeme antigens and have purified TR-c (a protein antigen [C. S. Petersen, N. S. Pedersen, and N. H. Axelsen, Scand. J. Immunol., in press], TR-d (an RNA antigen [N. S. Pedersen, C. S. Petersen, N. H. Axelsen, A. Birch-Andersen, and K. HovindHougen, Scand. J. Immunol., in press; and C. S. Petersen, N. S. Pedersen, and N. H. Axelsen, Anal. Biochem., in press]), and TR-e (the flagellum or axial filament [C. S. Petersen, N. S. Pedersen, and N. H. Axelsen, Acta Pathol. Microbiol. Scand., in press]). Such purified antigens are highly useful tools for experiments aiming at a more detailed insight into the immune response in syphilis, e.g., in attempts to construct better serodiagnostic assays and to study the problem of protective immunity in syphilis.
In the present paper we describe the isolation of still another Reiter treponeme antigen, called TR-o, immunologically related to an antigen in T. pallidum.
MATERIALS AND METHODS
The Reiter treponeme. The same strain of the Reiter treponeme as used previously (9) was grown and harvested as described (9) . An 15 min at 4°C, and the supernatant was used as the crude product for the purification of the protein antigen.
T. pallidum antigen for the electrophoretic studies was produced as described earlier (10) .
Rabbit antibodies. Antibodies against the Reiter treponeme were obtained by the immunization of rabbits with a crude bacterial sonic extract, as previ-ously described (9) . A purified immunoglobulin fraction with a protein concentration of 15.8 g/liter was prepared from a pool of these antisera by the method of Harboe and Ingild (4) . A polyvalent antiserum against T. pallidum was produced as described earlier (10) . Monospecific antiserum was obtained by the immunization of three rabbits with 10 ,ug of the purified protein per injection in Freund incomplete adjuvant by the procedure of Harboe and Ingild (4).
Human sera. Sera were obtained and pooled from eight patients with untreated secondary syphilis, all having strong reactivities in three nontreponemal tests and in TPI and FTA-ABS tests, and from healthy persons as described earlier (10) .
Fused rocket IE. The fractionations were monitored by means of fused rocket immunoelectrophoresis (IE) (12) , using the polyspecific antitreponemal immunoglobulin (see6above).
Crossed IE. Crossed IE with intermediate (im) gel was performed as described by Axelsen (1) .
Agarose gel electrophoresis. Agarose gel electrophoresis was performed as described by Johansson (5) .
Sining methods. Immunoprecipitates of the antigen were stained for RNA and DNA with Stains All
bromide (Serva Feinbiochemica, Heidelberg, Germany)} according to Gould and Matthews (3) . Periodic acid-Schiff reagent (16) (14) . Molecular-weight-standard proteins were from Pharmacia Fine Chemicals (Uppsala, Sweden).
Continuous-gradient PAGE. Electrophoresis in gels containing a 2 to 16% and a 4 to 30% continuous gradient of polyacrylamide (Pharmacia Fine Chemicals) was used to determine the molecular weight of the native form of the purified antigen. The electrophoresis buffer contained 0.09 M Tris, 0.08 M boric acid, and 0.003 M Na2-EDTA. A kit of molecular weight proteins from Pharmacia Fine Chemicals was used for calibration of the linear best-fit relationship between the Rf and the log of the molecular weight.
Gel filtration on Ac-A-22 Ultrogel. The molecular weight of the antigen was also estimated by gel filtration on Ac-A-22 Ultrogel. The total gel bed volume (V,) was 128 ml, and it was packed in a column with bed dimensions of 1.6 The calibration curve was calculated for the relation between Ka, and the log of the molecular weight of the known proteins. As molecular weight standards we used thyroglobulin (molecular weight, 669,000), ferritin (molecular weight, 440,000), aldolase (molecular weight, 158,000), albumin (molecular weight, 67,000), ovalbumin (molecular weight, 43,000), chymotrypsinogen (molecular weight, 25,000), and ribonuclease (molecular weight, 13, 200) , all from Pharmacia Fine Chemicals.
Chemical analysis. Protein concentration was determined by the method of Lowry et al. (6) , with bovine serum albumin as standard. Hexoses and pentoses were estimated by the anthrone (11) and orcinol (7) methods, respectively.
Quantification of TR-o. Quantification of TR-o was performed by rocket IE (15) , using the monospecific antiserum against the purified antigen.
Lectin binding. The binding of purified antigen to lectins was tested in small-column experiments and by crossed immuno-affino-electrophoresis (2). The following lectins were used: concanavalin A-Sepharose, lentil lectin Sepharose 4B, wheat-germ lectin Sepharose 6 MB, Helix pomatia lectin Sepharose 6 MB (all from Pharmacia Fine Chemicals), peanut agglutinin (IBF Rdactifs, Clichy, France), and ricinus agglutinin (Miles Laboratories, Inc., Elkhart, Ind.).
Immunofluorescence experiments. T. pallidum (Nichols pathogenic strain) and the Reiter treponeme were fixed to glass slides (13) , and monospecific rabbit anti-TR-o was added to the slides. After washing, a fluorescein isothiocyanate-conjugated swine anti-rabbit immunoglobulin (code F 2190 and lot no. 069 B; DAKO-Immunoglobulins, Copenhagen, Denmark) was added to the slides, and the treponemes were microscopically tested for fluorescence. Preimmunization serum was used as control and gave no fluores- RESULTS Purification procedure. An 80-ml amount of the supernatant was added to a column of diethylaminoethyl cellulose (DE-52, Whatman) with a bed volume of 180 ml, and elution was performed with a stepwise salt gradient, including 180 ml each of 0.05, 0.1, 0.15, 0.25, 0.5, and 0.75 M NaCl and the same concentrations of Tris-hydrochloride, pH 8.0. The flow rate was 100 ml per h. A total of 115 fractions in volumes of 10 ml each were collected and tested in fused rocket IE against rabbit anti-Reiter immunoglobulin. Fraction numbers 10 to 20 containing the antigen (Fig. 1A) were pooled and concentrated 10 times and applied to a column of decyl agarose with a bed volume of 40 ml. Elution of the bound antigens was obtained by a stepwise ethylene glycol gradient, with 40 ml each of 10, 20, 50, and 75% ethylene glycol in 0.05 M Trishydrochloride, pH 8.0. Sixty fractions of 3 ml were collected; the flow rate was 20 ml per h. TR-o was eluted in fraction numbers 20 to 40 with 20%o ethylene glycol, as visualized in fused rocket IE (Fig. 1B) (Fig. 2B) . One band was produced when the isolated antigen was submitted to agarose gel electrophoresis.
SDS-PAGE of the purified protein antigen showed only one band, indicating that the antigen is composed of 66,000-molecular-weight subunits (Fig. 3) .
The molecular weight of the native isolated protein was estimated to be 555,000 and 450,000 by PAGE and gel filtration on Ac-A-22 Ultrogel, respectively. Immunization of rabbits with the purified TR-o resulted in production of monospecific antisera as tested by crossed IE with im gel.
Several results indicated that the purified antigen is a protein. It had an absorption maximum at 280 nm, and it reacted with the Folin reagent in the Lowry reaction. Staining for polysaccharides, lipids, RNA, and DNA was negative, and the binding experiments with six lectins gave negative results. There were no detectable hex- Monospecific rabbit anti-TR-o showed strong fluorescence with both the Reiter treponeme and T. pallidum. T. pallidum sonic extract was tested in crossed IE with im gel against the monospecific antiserum without giving visible precipitation lines. However, the isolated antigen was precipitated when tested in crossed IE with im gel against rabbit antibodies raised by immunization with T. pallidum sonic extract (Fig. 4B) . Sera from patients with secondary syphilis did not contain precipitating antibodies in crossed IE with im gel against the isolated antigen (Fig.  4C) . similar results. The isolated TR-o was immunologically pure when tested in crossed IE with im gel against polyspecific antitreponemal immunoglobulin. The purity of the TR-o antigen was confirmed by the finding that only one band with a molecular weight of 66,000 was produced in SDS-PAGE. In addition, only one band was detected when TR-o was analyzed by agarose gel electrophoresis and PAGE.
DISCUSSION
The immunofluorescence experiments showed that antibodies against TR-o gave a strong fluorescence with both the Reiter treponeme and T. pallidum, indicating the existence of a TR-o homologous antigen in T. pallidum.
Sera from patients with syphilis and experimentally infected animals contain antibodies that are believed not to protect against infection (8) . The above-mentioned second group of Reiter antigens, including the now isolated TR-o, are therefore theoretically interesting since they may be used for the induction of an immune response against T. pallidum, resulting in the production of protecting antibodies that are lacking in syphilitic sera. Immunization of rabbits with large amounts of TR-o followed by challenge with virulent T. pallidum will clarify whether TR-o can be used for vaccination.
